Background: Long noncoding RNAs (lncRNAs) can regulate the progression of DN. This research aimed to study the effect of lncRNA KCNQ1OT1 on the oxidative stress and pyroptosis of the renal tubular epithelial cells induced by high glucose (HG). Methods: RT-qPCR analysis detected the KCNQ1OT1 expression in serum with DN and HGinduced HK-2 cells, detect the expression of NLRP3, cleaved-caspase1, P-caspase1, IL-1β, p-IL-1β and GSDMD-N in HG-induced HK-2 cells, and confirm the transfection effects. The expression of NLRP3, cleaved-caspase1, P-caspase1, IL-1β, p-IL-1β and GSDMD-N in HGinduced HK-2 cells was also analyzed by Western blot analysis. ELISA assay detected the levels of TNF-α, IL-6 and MCP-1. The levels of ROS, MDA and SOD were determined by respective ELISA kits and ROS was also detected by the ROS assay kit (containing DCFH-DA). Results: We found that KCNQ1OT1 was increased in the plasma of patients with DN and HG-induced HK-2 cells and KCNQ1OT1 interference could decrease the inflammation, oxidative stress and pyroptosis of HG-induced HK-2 cells. In addition, KCNQ1OT1 directly targets miR-506-3p. MiR-506-3p was downregulated in the plasma of patients with DN and HG-induced HK-2 cells and KCNQ1OT1 interference promoted the expression of miR-506-3p. MiR-506-3p overexpression suppressed the inflammation, oxidative stress and pyroptosis of HG-induced HK-2 cells. Conclusion: This study demonstrated that downregulation of KCNQ1OT1 inhibited the inflammation, oxidative stress and pyroptosis of HG-induced HK-2 cells by up-regulating the expression of miR-506-3p, which provide new insights into the treatment of DN.
Introduction
Diabetic nephropathy (DN) is a major diabetic complication and the main inducing factor for end-stage kidney diseases. The latest epidemiological data showed that DN as end-stage nephropathy was a major dead cause in patients with diabetes.
1,2 By 2017, 114.4 million people suffered from diabetes in China, ranking first in the world. 3 Among all complications of diabetes, DN is the most common complication and the conditions of about 20% to 30% of diabetic patients eventually deteriorate into DN. 4 Therefore, it is very important to apply new methods to prevent and treat DN in order to improve the quality of life for diabetic patients.
With the length of more than 200 nucleotides, 5 long noncoding RNAs (lncRNAs)
were crucial in various diseases. 6 Recent studies have found the role of lncRNAs in tumor, 7, 8 and cardiovascular diseases. 9, 10 Many diseases related to lncRNAs in kidney disease have been reported to show diagnostic significance. 11, 12 LINC00472 has demonstrated to be a diagnostic marker for DN. 13 LncRNA MEG3 interference protected the hypoxia-induced kidney injury in acute renal allografts by inhibiting the TNF-α expression. LncRNA PRINS was obviously increased in patients with DN and lncRNA PRINS overexpression declined the viability of mouse podocyte cells. 14 Studies have shown that lncRNA KCNQ1OT1 expression is increased in patients with diabetic cardiomyopathy, and KCNQ1OT1 interference can reduce the functional damage to diabetic cardiomyocytes and the pyroptosis of cells. 15, 16 Mary E. Travers et al have demonstrated that CDKN1C, KCNQ1, and KCNQ1OT1 are possibly mediate diabetes susceptibility at the KCNQ1 locus and mediate the diabetes risk in early development. This shows that lncRNAs are related to kidney diseases including the DN and KCNQ1OT1 is related to diabetes. However, the role of KCNQ1OT1 in DN is still unknown. Therefore, this research aimed to investigate the expression of KCNQ1OT1 in the plasma of patients with DN and its effect on the oxidative stress and pyroptosis of HK-2 cells induced by high glucose (HG).
Materials and Methods

Human Serum Specimens
The clinical trial was approved by the Human Ethics Committee Review Board of the First Affiliated Hospital of Soochow University, and every patient signed the informed consent. Serum samples were collected from 30 DN patients and 30 healthy people in the First Affiliated Hospital of Soochow University between September 2017 and August 2018. All patients were diagnosed according to the standard established by the Chinese Medical Association (2014). All patients were firstly diagnosed and treated. Diagnostic criteria for DN are as follows: (1) Urine albumin excretion rate (UAER) is continued to be greater than 200 μg/min or positive urine protein (urine protein ration is greater than 0.5g/24h); (2) Radionuclide dynamic glomerular filtration rate (GFR) and kidney volume are increased; (3) Qualitative examination of urine sugar; (4) Endogenous creatinine clearance rate is decreased and blood urea nitrogen and creatinine increased. The clinical data for patients and controls are presented in the Supplementary Materials.
Cell Culture and HG Induction
HK-2 cells were obtained from American Type Culture Collection (ATCC). HK-2 cells were cultured in DMEM/ F12 medium (containing 10% fetal bovine serum) in a constant temperature incubator at 37°C with 5% CO 2 and saturated humidity. In the normal group, HK-2 cells were handled with 5.5 mmol/l glucose for 12 h, 24 h and 48 h. In the HG group, HK-2 cells were handled with 30 mmol/l glucose for 12 h, 24 h and 48 h.
Cell Transfection
ShRNA-NC, ShRNA-KCNQ1OT1-1, ShRNA-KCNQ1OT1-2, miRNA-NC, miR-506-3p mimic, pcDNA-NC and pcDNA-KCNQ1OT1 were transfected into the HK-2 cells using Lipofectamine ® 2000 reagent (Thermo Fisher Scientific, Inc., USA). In the control group, HK-2 cells received no treatment. RT-qPCR analysis was used to confirm the transfection effects.
RT-qPCR Analysis
Total RNA in plasma and cells were isolated by TRIzol method (Thermo Fisher Scientific, Inc.), and RNA was, respectively, reverse-transcribed into cDNA by miRNA reverse transcription kit and PCR reverse transcription kit (Thermo Fisher Scientific, Inc.) under the following thermocycling conditions: 25°C for 5 min; 50°C for 20 min and 80°C for 20 min. mRNA expression levels were quantified by the 2 −ΔΔCq method and normalized to the internal control GAPDH.
Enzyme-Linked Immunosorbent Assay (ELISA)
After cell transfection and HG induction for 48 hrs, the supernatant of cell medium was collected and the levels of TNF-α, IL-6 and MCP-1 were determined by ELISA kits according to the instructions.
ROS, MDA and SOD Measurement
After cell transfection and HG induction for 48 hrs, the levels of ROS, MDA and SOD in the supernatant of cell medium were detected with respective ELISA assay kits and analyzed with a microplate reader. DCFH-DA (Molecular probes, Dalian Meilun Biotechnology Co., LTD, China) was also used to detect the intercellular ROS level which was conducted according to the previous study.
(PVDF) membranes (Merck Millipore, USA) which were sealed by 5% non-fat milk powder. Primary antibodies of NLRP3, cleaved-caspase1, Pro-caspase1, IL-1β, Pro-IL-1β, GSDMD-N and GPADH were added to the membranes overnight at 4°C. After that, secondary antibody was added, and the protein was illuminated and colored by ECL. GAPDH was the internal control. The relative protein expression was analyzed by Image J software.
Immunofluorescence
After cell transfection and HG induction for 48 hrs, the slides of HK-2 cells were fixed with 4% paraformaldehyde and vitrified with 0.5%Triton X-100. Normal 5-10% goat serum was added onto the glass slides which were sealed at room temperature for 30 min. Then, slides were incubated against GSDMD-N in wet box device overnight at 4°C and secondary antibody at 37°C for 10-30 min. At last, slides stained with DAPI in dark for 5 min, and treated by sealing liquid. The fluorescence images were observed and collected under a fluorescence microscope.
Dual-Luciferase Reporter Assay
According to starBase software, miR-506-3p was predicted to be a potential target of KCNQ1OT1. In order to verify this prediction, we performed the dual-luciferase reporter assay according to the previous study. 18 
Statistical Analysis
The measurement data of normal distribution were expressed as mean ± standard deviation, and SPSS 20.0 software analyzed the data. One way ANOVA analyzed the differences between multiple groups with LSD-t method. T-test analyzed the differences between two groups. P<0.05 was considered as statistically significant difference.
Results
KCNQ1OT1 Was Increased in the Plasma of Patients with DN and HGInduced HK-2 Cells
The serum of patients with DN and healthy people was collected and the KCNQ1OT1 expression was obviously upregulated in patients with DN compared with healthy people ( Figure 1A ). The expression of KCNQ1OT1 was gradually increased when the induction time of HG for HK-2 cells was prolonged ( Figure 1B ). Therefore, HK-2 cells induced by HG for 48 hrs were selected to simulate DN cells.
KCNQ1OT1 Interference Reduced the Expression of Inflammatory Factors in HG-Induced HK-2 Cells
The transfection effects of ShRNA-KCNQ1OT1 were determined by RT-qPCR. KCNQ1OT1 expression was down-regulated in HK-2 cells transfected with ShRNA-KCNQ1OT1-1 and ShRNA-KCNQ1OT1-2, and KCNQ1 OT1 expression in HK-2 cells transfected with ShRNA-KCNQ1OT1-1 was less than that in HK-2 cells transfected with ShRNA-KCNQ1OT1-2 ( Figure 2A ). Therefore, ShRNA-KCNQ1OT1-1 was selected for the subsequent experiment. Increased inflammation is a vital mechanism The levels of ROS, MDA and SOD reflected the level of oxidative stress. As shown in Figure 3A -C, the levels of ROS and MDA were up-regulated and the level of SOD was reduced in HG-induced HK-2 cells. In addition, KCNQ1OT1 interference could down-regulate the levels of ROS and MDA and up-regulate the level of SOD in HG-induced HK-2 cells. The fluorescence diagram of ROS assay verified the ROS level analyzed by the ELISA kit ( Figure 3D ). Therefore, KCNQ1OT1 interference alleviated the oxidative stress in HG-induced HK-2 cells.
KCNQ1OT1 Interference DownRegulated the Pyroptosis of HG-Induced HK-2 Cells
The NLRP3, cleaved-caspase1, P-caspase1, IL-1β, p-IL-1β and GSDMD-N were the characteristic proteins of pyroptosis.
As Figure 4A and B show, the protein and mRNA expression of NLRP3, cleaved-caspase1, IL-1β and GSDMD-N were increased in HG-induced HK-2 cells while KCNQ1OT1 interference effectively reversed the high expression of NLRP3, cleaved-caspase1, IL-1β and GSDMD-N. The GSDMD-N expression detected by immunofluorescence was consistent with the above results ( Figure 4C ). Therefore, KCNQ1OT1 interference inhibited the pyroptosis of HG-induced HK-2 cells.
KCNQ1OT1 Directly Targeted miR-506-3p
MiR-506-3p, which contains one binding site in KCNQ1OT1 transcript ( Figure 5A ), was selected for KCNQ1OT1 candidate prediction. The results presented that luciferase activities of miR-506-3p 3´UTR-WT and miR-506-3p 3´UTR-MUT were and were not suppressed by pcDNA KCNQ1OT1, respectively ( Figure 5B ). MiR-506-3p expression was decreased in HG-induced HK-2 cells and KCNQ1OT1 interference promoted the expression of miR-506-3p ( Figure 5C ). MiR-506-3p expression was also decreased in the serum of patients with DN compared with healthy people ( Figure 5D ). In summary, KCNQ1OT1 directly targets miR-506-3p. 
MiR-506-3p Overexpression Reduced the Pyroptosis of HG-Induced HK-2 Cells
As Figure 7A and B showed, the protein expression and mRNA expression of NLRP3, cleaved-caspase1, IL-1β and GSDMD-N were increased in HG-induced HK-2 cells. MiR-506-3p overexpression, in turn, suppressed the expression of NLRP3, cleaved-caspase1, IL-1β and GSDMD-N in HGinduced HK-2 cells, which was reversed by KCNQ1OT1 interference. The GSDMD-N expression determined by the immunofluorescence method was in agreement with the above results ( Figure 7C ). Therefore, miR-506-3p overexpression inhibited the pyroptosis of HG-induced HK-2 cells.
Discussion
DN often leads to renal failure, 19 but effective treatment for it is presently unavailable. 20 Therefore, it is essential to find new therapeutic targets for DN. LncRNAs play a vital role in diabetes. 21 LncRNA LOC103690121 was increased in diabetic rats and LOC1 03690121 overexpression inhibited the neuron apoptosis. 22 LncRNA MEG3 was increased in HG-induced AC16 cells and silencing MEG3 decreased the apoptosis of HG-induced AC16 cells. 23 LncRNA MIAT overexpression was observed in the serum of diabetic patients and MIAT interference could reduce the apoptosis of vascular endothelial cells to alleviate erectile dysfunction in diabetic rats. 24 Asahara et al 25 indicated
that KCNQ1OT1 was related to pancreatic β-cell mass and mediated the early development of diabetes. KCNQ1OT1 was also related to diabetic cardiomyopathy. KCNQ1OT1 expression was increased in the serum of diabetic patients and HG-treated cardiac fibroblasts and pyroptosis was activated in HG-treated cardiac fibroblasts. 15, 16 However, the biological function of KCNQ1OT1 in DN remains unknown. In this research, we found that KCNQ1OT1 was increased in the plasma of patients with DN and HG-induced HK-2 cells. KCNQ1OT1 interference obviously reduced the inflammation, oxidative stress and pyroptosis of HG-induced HK-2 cells. The differential expression of KCNQ1OT1 in DN models was firstly demonstrated by us.
The binding sites of KCNQ1OT1 with miR-506-3p predicted by bioinformatics analysis were confirmed by the luciferase assay. Although there is no research about the relations between miR-506-3p and diabetes, miR-506-3p was demonstrated to be involved in the regulation of ROS generation. 26 MiR-506 was decreased in the H 2 O 2 -induced human cardiomyocyte and miR-506 overexpression could down-regulate the levels of ROS. 27 Hence, miR-506 could regulate the progress of oxidative stress. Presently, miR-506-3p was decreased in HG-induced HK-2 cells and miR-506-3p overexpression suppressed inflammatory response, oxidative found that lncRNA MALAT1 promoted the generation of caspase-1, IL-1β and IL-1 to ultimately lead to renal inflammatory response and pyroptosis of renal tubular epithelial cells in DN. Furthermore, caspase-1 will eventually transmit the pyroptosis signal to GSDMD protein for execution. GSDMD cut by caspase-1 generates the active group GSDMD-N and the self-inhibited GSDMD-C. GSDMD-N specifically binds to lipids in the cell membrane to form many protein pores, which can cause cell swelling. And, when the swollen cells are infected by microorganisms and infection-related danger signals, it will induce the occurrence of cell pyroptosis. 33 In this study, KCNQ1OT1 interference and miR-506-3p overexpression reduced the pyroptosis by decreasing the expression of NLRP3, cleaved-caspase1, IL-1β and GSDMD-N.
In conclusion, present research revealed that KCNQ1OT1 was up-regulated in the plasma of patients with DN and HG-induced HK-2 cells. KCNQ1OT1 interference reduced the inflammation, oxidative stress and pyroptosis of HG-induced HK-2 cells by up-regulating the miR-506-3p expression. Therefore, KCNQ1OT1 may be a promising therapeutic target for DN in the future. However, this study is limited because of the limited numbers of patients/controls. The findings presented will need to be supported by our further studies on larger, independent patient cohorts. Furthermore, this experiment is a preliminary cell experiment. The DN mice or rats model will be constructed and the KCNQ1OT1 expression in DN patient renal tissues will be detected in our further study to further explore more profound problems.
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